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GsM, 26:205-221 [1983]; Yeitonetal.. Pfoc. Natl. Aca d. ScL USA. Si : 1470-1474 [1984]) mi A. n%er(Kdly 
and Hynes, EMBO 3. . 4:475-479 [1985]). Methylotropic yeasts are suitable herein and incJude, but are not 
limited to, yeast capable of growth on methanol selected from the genera cossisting of Hamemla, Candida, 
Kioeckera, Fkhia, Sacchawmyces, Torulopsis, and Rhodotorula. A list of specific species that are exemplary 
of this class of yeasts may be fount! in C. Amhony, The Bioch^ffti^try of MethylotrQph^ . 269 (1982). 
5 Suitable host ceils for the expression of ^ycosylated PRO are derived from multicelMar organisms. 

Examples of invertebrate cells include insect ceils such as Drosophila S2 and Spodoptera S19, as well as plaut 
ceils. ExarapSes of useftil mammalian host cell lines include Chinese hamster ovarj' (CHO) and COS cells, 
i^lore specific examples include monkey kidney CVl line transfomied by SV40 {COS-7, ATCC CRL 16J1); 
human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al,, L 
iO Gen Virol. ■ 36:59 (1977)); Chinese hamster ovary cells/'-DHFR {CHO, Uriaub and Chasin, Proc. Nati. Acad. 
Set. USA . 77:42!6 (5980)); mou.se Sertoli cells (TM4, Mather, Biol. Reorod. . 23:243-251 (1980)); humaa lung 
cells (W138, ATCC CCL 75); huinan liver cells (Hep G2. HB 8065); and mouse mammary tumor (MMT 
060562, ATCC CCLS 1 ), The selection of {he appropriate host cell is deemed to be wiaiin the skill in the art. 

15 3. Selection and Use of a Replicable Vector 

The nucleic acid (e.g.. cDNA or genomic DNA) encoding PRO may be inserted tnro a replicable vector 
for cloning (amplification of tl^e DNA) or for expression. Various vectors are publicly available. The vector 
may, for example, be in the form of a plasmid, cosmid, viral particle, or phage, llie appropriate nucleic acid 
sequence may be inserted into the vector by a variety of procedures. In general, 0NA is inserted into an 

20 appropriate restriction endonuclease site(s) using techniques known in the art. Vector components generally 
include, but are not limited to, one or more of a signal sequetice, an origin of replication, one or mote marker 
■ genes, an enhancer eletnem, a pronwter, and a transcription termination sequence. Construction of suitable 
vectors containing one or mote of these components employs standard ligation technique,? which are known to 
the skilled artisan, 

25 ITie PRO may be produced recombinanliy not only directly hut also as a iui,ion pol>p€ptide with a 

heterologous polypeptide, which may be a sign.-il sequence or other po]\peptide hasmg a sptxiiit, ck^jvage SJtc 
at the N-termiiitis of the mature protein or polypeptide In general , the sigtuti icqucnce ma\ be a component of 
the vector, or it itiay be a part of the PRO-encoding DNA that is iii^etted imn the vector The stt^na! sequence 
may be a prokaryotic signal sequence selected, for example, from the ?roup ol the dlLthne phosphatase, 

30 penicillinase, Ipp, or heat-stable enterotoxtn 11 leaders For yeast secretion the Mgnal ^.e^uentc may l?e e g , 
the yeast invertase leader, alpha factor leader (iocluding Sacchatotmces and Kiuy verotmcei a Uaov leaders, 
the latter described m U.S. Patent No, 5,010,182), or acid phosphatase ieader, the C. dbkans glucoamylase 
leader (EP 362,179 published 4 April 1990), or the signal described in WO 90/13646 published 15 November 
1990. In raainmaiian cell expression, mammarisn signal sequences may be used to direct secretion of the 

35 protein, such as signal sequences imm secreted polypeptides of the same or related .species, as well as viral 
secretory leaders. 
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Both expression and cloning vectors contaiij a nocieic acid sequence that enables the vector to replicate 
in one or more selected host cells. Such sequences are weli known for a variety of bacteria, yeast, md viruses. 
The origin of repJication from thepJasmid pBa322 is suitable for most Gram-negative bacteria, Hie 2n pJasmid 
origin is suitable for yeast, and various viral origins (SV40, polyotna, adenovirus, VSV or BPV) are useftil for 
cloiMfig vectors in mainiiialian ceiis. 
5 Expression and cloning vectors wiil typically contain a selection gene, also termed a selectable marker- 

Typical selection genes encode proteins that (a) confer resistance to amibiotics or other toxins, e.g., amptcilHn, 
neomycin, raetborre xate , or tetracycline, (b) complement auxotropliic deficiencies, or (c) siippSy critical nutrients 
not available from complex, media, e.g., the gene encoding D-alanine racetnase for Bacilli, 

An example of suitable selectable markers for mananaiian cells are those that enable the identjficatioo 
10 of ceils competent to take up the PRO-encoding nucleic acid, such as DHFR or thymidine kinase. An 
appropriate host cell when wikl-type DHFR is employed is the CHO cell line deficient in DHFR activity, 
prepared and propagated as described by Urlaubet al., Proc. Nati. Acad. Sci. USA . 77:4216(1980). Asuttable 
selection gerte for iis,e in yeast is the trp\ gene present in the yeast piasmid YR;)7 fStinchconib et al,. Nature . 
282:39 0^79): Kingsman et a!., Gene. 7:141 (1979); Tschemper et a!.. Gene, 10:157 (1980)J, The trpi gene 
15 provides a selection marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for example, 
ATCC No. 44076 or PEP4-i [Jones, Genetics . 85:12 (!977>j, 

Espre-S-sioi! and cloning vectors usually contain a promoter operably linked to ihe PRO-encoding nucleic 
acid sequence to direct mRNA synthesis. Promoters recognized by a variety of potentiai host cells are well 
known. Promoters suitable for usq wish prokawotic hosts include the p-lactamase and lactose promoter systems 
20 [Chang et al.. Nature, 275:615 (1V78); G<>eddd et al.. Nature . 281:544 {1979)], alkaline phosphatase, a 
tryptophan (tq)) promoter system [(Jocddel, Nucleic Acids Re$. . 8:4057 (1980); EP 36,776], and hybrid 
promtoters such as the tac pi-omoter [dcBocr et al., Proc. Natl. .Kavi. Sci. USA . 80:21-25 (1983)], Promoters 
for use in bacterial systems also will contain a Shine-Dalgarno {S,D.) sequence operably linked to the DNA 
encoding PRO. 

25 Exaniples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 

phosphoglycerate kinase (Hitz.cman et al., J. Biol. Che m., 255:2073 (1980)] or oiher glycolytic enzymes [Hess 
et al., J. Adv. Fny.ymt; Rec . 7:149 (1%8); Holland. Biochemisir>' , 17:4900 (I97g)j, such as enolase, 
giycerakiehyde-3-phosphatedehydrogona5.(:\b(:v>kjnase, pynivatedecarbo.Kyla.se, pbosphofnictokina^e, ghJco.se- 
6-phospbate isynsenise, 3-phosphogiyccraEC mutate, pyruvate kinase, triosephosphale i.s-ociierase, pho.sphoglucose 

30 isomerase, and gkicokiria.se. 

Other yeast promoters, which are inducible promoters having the additional advantage of iranscripiion 
controiled by gro\wh conditions, are the promoter regions for alcohol <lehydrogenase 2, isocytochrorae C, acid 
phosphatase, degradaiive enzymes associated with nitrogen metabolism, metaiiothionein, glyceraldehytle-3- 
phosphate dehydrogenase, and enzymes responsible for niaitose and galactose utilization. Suitable vectors and 

35 promoters for use in yeast expression are furthei- descril>ed in EP 73.657. 

PRO transcription froni vecior.s in siianitn^iliaii host ceils is controlled, for example, by promoiers 
obtained from die genomes of viruses such as [jolyoma virus, fovs^lpox virus (UK 2,21 ! .504 published 5 July 
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1989). adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cyforaegaiovirus, a 
retrovirtis, hepatms-B virus and Simian Virus 40 {SV40), from heterologous nmtnmalian promoters, e.g., &e 
actin promoter or an immunogiobuUn promoter, and from heat-sisock promoters, provided such promoters are 
compatible with tbe host eel! systems. 

Transcription of a DNA eiicoding the PRO by higher eukaryotes may be increased by inserting an 
5 ei3haTJcer setjuence into fije vector. Enhancers are cis-acting elements of DNA, usually about from 10 to 300 
bp. that act on a promoier to incjeabe its trmscrtption. Many enhancer sequences are now known from 
mammalian gtnes (giobin. eiastase, alhiimjn, K-fetoprotein, anti insalin). Typically, however, one will «se an 
eiiiianccr fioni ;j eukAryotsc ccU V)ru.<;. Examples include the S V40 enhancer on the late side of the replication 
origin (bp i 00- 270), the cytomcgak)\ ifus earty pronwjter enliancer, She polyoma enhancer on the late side of the 

10 rcpitcanon origin, and adenovirus enliancers. The enhancer may be spliced into the vector at a position 5' or 
3' to the PRO coding sequence, but is preferably located at a site 5' from the promoter. 

Expression \ectors ut,ed m cukaryotic host cells (yeast, fimgi, insect, plant, atixtaal, human, or nucleated 
ceilsj irom other niu!tice]liil<ir organisms) wtli also contain sequences necessary for tbe termination of 
tr,uiscription and for stahsiizmg the mRNA. Such sequences are commonly available from the 5' and, 

1 5 occasionally 3 ' , untran-siated regions of eukaryot ic or viral DNAs or cDN As, These regions contain nucleotide 
segments transcribed as p<,i!Y;Kleri\ latcd tragmer.ts in the untranslated portion of the mRNA encoding FRO, 

Stil! other metiiods, vcctois, and hof-i cells .suitable for adaptation to the synthesis of PRO in 
recombiiiant vertebrate ceil culture arc dcsctibed inGetbing ef al.. Nature . 293:620-623 {1981); Maatei et al., 
Nature . 28i;40-46 (5979); EP 117,060; and EP 117,058. 

20 

4. Detecling Gene Ainpiification/Expffissto 
Gene amj)[incatiOii and/or expression may be measured in a sample directly, for example, by 
conventional Soutiiern blotting, Northern biottiiig to quaniitatefhe transcription of mRNA [Thomas, Proc,,,,Na.ti., 
Acad. Set. USA , 77:520 i .S.'^OS nvStfi], dot blotting (DNA anaiysis). or in situ hybridization, using an 

25 appropriately labeled probe . based on the sc(|uences provided herein. Alternatively, antibodies may be employed 
tiiat can recognize specific duplexes, including DNAdupleJtes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DN A-prorein duplexes. The antibodies in turn may be labeled and the assay may be carried out where the 
duplex is bound to a surface , so that upon the formation of duplex on the surface, the presence of antibody boimd 
to the duplex can be detected. 

30 Gene expression, alternatively, may be measured by inununological methods, such as 

itntnutiohistocheinica! staining of cells or tissue sections and assay of celi culture oi: body Ruids, to qu;mtitate 
directly the expression of gene product. .A.ntibodies useful for immunohiistochemical staining and/or assay of 
sample fluids may be either monoclonal or polyclonal, and maybe prepared in any mammal. Conveniemly, tbe 
antibodies ma>' be prepares! against a native sequence PRO polypeptide or against a synthetic peptide based on 

35 the DN A sequences provided herein or against exogenous sequence iused to PRO DHA and encoding a specific 
antibody epitope. 
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5. l^rt%a t't on of Polypeptide 
Forms of PRO may be recovered from cuitore medium or from host cell iysates. If membrane-botaid, 
it can be released from the membrane using a suitable detergent solution (e.g. Tritaa-X iOO) or by enzymatic 
cleavage. Ceiis employed in expression of PRO can be disrupted by various physical or cliemicai means, such 
as freeze-thaw cycUtig, soijication, mechanjcal disruption, or cell lysing agents, 
5 It may be desired to pyrify PRO from recombinant ceil proteins or polypeptides. The following 

procedures are exemplary of suitable ptjfification procedures: by fractionation an an lon-excharige column; 
eihanoi preeipiiation; reverse phase HPLC; chromatography on siltca or on a cation-exdiange resm such as 
DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate precipitation, gel flltrafion usmg, for example, 
Sephadex G-75; protein A Sepharose columns to remove contammartts ^ui:h as IgG: and metal chclatmg columns 
10 to biiid epitope-lagged forms of ih& PRO. Various mefhods of proicm pjaficanon ma> be employed and such 
methods are known in the art and described for exAi-iple m Deutschcr, Methods m Enzvmotogv . 182 (1990); 
Scopes, Protein Purifica tion: Princi ples and Pr;icii c:c, S|)r!ii?,er-Ver}ag, New York {1982). The purification 
step(s) selected will depend, for example, on the nature of the production process used and tlie paitictdar PRO 
produced. 

15 

E. Uses for PRO 

Nucleotide sequences (or dieir coniipiement) encoding PRO have varioas applications in the art of 
molecular biology, including uses as hybridization probes, in chromosome and gene mapping and in the 
generation of anti-sense RNA and DNA. PRO nucleic acid will also be uselnl for the preparation of PRO 

20 polypeptides by the recombinam lecltniques described herein. 

The full-length native sequence PRO gene, or portions thereof, may be used as hybridization probes 
for a cDNA libraty ro isolate the fuU-length PRO cDNA or to isolate sfili other cDNAs (for instance, those 
encoding naturally-occurring variants of PRO or PRO from odier species) which have a desired sequence identity 
to the native PRO sequence disclosed herein. Optionally, the length of the probes will be about 20 to about 50 

25 bases. The hybridization probes may be derived from at least partially novel regions of the full length native 
nucleotide .sequence wherein those regions may be determined without undue experimentatjon or from genomic 
sequences including promoters, enhancer elements and introns of native sequence PRO. By way of example, 
a screening method wiil comprise isolating the coding region of the PRO gene using the known DNA sequence 
to synthesize a selected probe of about 40 bases. Hybridization probes may be labeled by a variety of labels, 

30 including radionucleotides such as ^^P or ''S, or enzymatic labels such as alkaline phosphatase cotipled to the 
probe via avidiiVbiotin coupling systems. Labeled probes having a sequence complementary to that of the PRO 
gene of the present invention can be used to screen libraries of human cDNA. genomic DNA or mRNA to 
determine which members of such libraries the probe hybridizes to. Hybridization techniques are described in 
fiifther detail in the Examples below. 

35 Any EST sequences disclosed in the present application may similarly be employed <3S probes, using 

the methods disclosed herein. 
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Other useful fiagments of the PRO nucleic acids mcinde antiseme or sense oligonucleotides comprising 
a Singe-stranded nudeic acid sequence (either RNA or DNA) capable of binding to target PRO mRNA (sense) 
or PRO DNA f,Mitisf i!'>e ) sequent. Cb \misense or sense oiigonucieoiides, according to the present invention, 
coiiipt ise a ti it,!3ierir of tin. i^odrng rt-^iion ot PRO DXA Such a fragment generally comprises at least about 14 
nucleotides, preferdbly rroni ibciut li to 30 nucieotide&. The ability to derive an antisense or a sense 
5 ohgonucieotide ba^ed upon a cDNA sequence encodmg a given protein is described in, for example, Sfein and 
Cohen fCancef Res- 48:2659, 1988) and van der Kro! et al. {BioTedmiques 6:958, 1988). 

Binding of antisense or sense ohgonucleotides to target nucieic acid sequences results in ihe formation 
of duplexes that block transcription or translation of the target sequence by one of several raeans, including 
enhanced degradation of the dupiexesi, preinature termtaatioa of transcription or translation, or by other means. 

10 I he anti'-en'-e oligonucleotides thus may be used to block expression of PRO proteins. Antisense or sense 
uhgonucieulides fuithcr a>inpnse oligonucleotides havmg modified sugar-phosphodiester backbones (or other 
stigir lm!.di>«fs Mich as those de<;crtbed m WO 91/066291 and wherein such sugar linkages are resistant to 
endogenous ]H)clca<^cs Such oligonuc}eotKle& with resistatit sttgar linkages ajre stable in vivo (i.e., capable of 
resisting uv\ m hk d< gradation) but retain sequence specificity to be able to bind to target nucleotide sequences. 

15 Oth<.i (.".anipieb of sense oi antisense oltgonucleotides incinde those oiigonucieottdes which are 

cov,ilent5> linked to organic [noictie<5 such as those described in WO SK)/ 1 C504S, and other moieties that increases 
affinity of the ohc-onuckxrttde foi a target nutleic acid sequence, such as poly-(L4ysine). Further still, 
intercalating digenis su^h as tlhpricine, and aiKylattng agents or metal complexes raay be attached to sense or 
anti&ense ohpotmckotidt v to modit) i^indiiig specificities of the antisense or sense oligonucleotide for die target 

20 nucleotide sequence. 

Antisense or sen.se oligonucleotides may be introduced into a cell containing the target nucleic acid 
sequence by any gene transfer method, including, for example, CaP04-mediated DNA (ransfection, 
electroporation, or by using gene transfer vectors such as Epstein-Barr virus. In a preferred procedure, an 
anti.sen.se or sense oligonucleotide is inserted into a suitable retroviral vector, A cell containing The target nucleic 

25 acid .sequence is contacted with the recorabmant retroviral vector, either in vivo or ex vivo. Suitable retroviral 
vectors include, but are not Isiujted to, those det ived from the mtirme retrovirus M-MuLV, N2 {a retrovirus 
derived hom M MuLV), or tiie double copy vectors designated DC15A. DCT5B and DCTSC (see WO 
90/13641). 

Sense or aiitiscnse oligoraicieutides also may be introduced K«o a cell containing tiie farpei nucleotide 
30 scqiie-ice b> totTiianon of a conjugate sviih a ligand binding molecule-, as doscnbc-d m WO 01/0-175^^ Siutabk 
Inland binding iiioiccuies mclude but aie not hvu cd to cell '^u'tace rcccptois, lirowth factors, other c>toKii!ei. 
or other ligands that b iJ to ^ 1 1 s . i i^o -t...q'. ctt , - > o ^ u^ation ot the ijgand bmdiiig rooieuile does 
not bubitantialls tnrerlete \uih t le a i'> ol t n ) t j •■a :)ind"^2 rolecule to bind to its cori esponding molecule 
or reu'psor, or hlo.k vntn ol the sense or -i~ose"-e chjor.i,v'eotidf oi its (.onjugatcd \crbion nito ihe cell 
35 MternativeU , a sense oi an<,ni!«c^sv ol'g^^n k c •>* ccnav be introduced into a celk oinaiiiiiig the laiget 

nucleic acid -equen^e bv fotmatioii o* j,i o j;oiJv .^ \ c'c [t'o cviripkx as described lii WO V{) 10448. The 
sense or antisense oiigonacleotide-lipid complex is prelerably dissociated within the cell by an endogenous lipa.se . 
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Antisense or sense RNA or DNA molecules are generally at least about 5 bases in length, about 10 
bases m length, about 15 bases in length, about 20 bases in leagtli, about 25 bases in length, about 30 bases in 
length, about 35 bases in length, about 40 bases m length, about 45 bases in ieagth, about 50 bases in length, 
about 55 bases in length, about 60 bases in length, about 65 bases in length, about 70 bases in length, about 75 
bases in length, about 80 bases in length, about 85 bases in length, about 90 bases in length, about 95 bases In 
5 length, about 100 bases in length, or more. 

The probes may also be employed in PCR techniques to generate a pool of sequences for identification 
of closely related PRO coding se4jueRces. 

Nucleotide sequences encoding a PRO can also be used to construct hybridization probes for mapping 
tiie gene which encodes that PRO and for the genetic analysis of individuals with genetic disorders. The 

10 nucleoiide sequences provided herein may i)e mapped to a chromosome and specific regions of a chromosome 
using known tecliniques, such as in situ hybridization, linJcage analysis against known diromosomal mafker,s, 
and hybridization screening with libraries. 

When the coding sequences for PRO encode a protein which binds fo another protein (example, where 
the PRO is a receptor), the PRO can be used in assays to identify the other proteins or molecules involved in 

15 the binding interacdon. By such methods, inhibitors of the receptor/ligand binding inieraction can be identified. 
Proteins involved in such binding interactions cm also be used to screen for peptide or small raoiecule inhibitors 
or agonists of the binding interaction. Also, the receptor PRO can be used to isolate correlative ligand{s). 
Screening assays can be designed to find lead consjxjund.s ih&t mimic the biological activity of a native PRO or 
a receptor for PRO. Such screeniiig assays will include assays amenabie to high-throughput screening of 

20 chemical librarie-s, making them particularly suitable tor identifying small molecule dnsg candidates. Small 
molecules contemplated include synthetic organic or inorganic compounds. The assays can be performed in a 
variety of formats, including protein-protein binding assays, biochemical screetung assays, immunoassays and 
cell based assays, which are well cliaracterized in the art. 

Nucleic acids which encode PRO or its modified forms can also be used to generare either transgenic 

25 animab or knock out" anjmals whicij, tn turn, are useful m the development and screenmc oi iherapeutKallv 
uselu! reagents A transgemc antraal (e.g , a mouse or rat) it an anmial havmg cells that tontdin a iraii gent, 
which transgene was mtroduced into the anmial or an ancestor of the animal at a prenatttl e g , an embiyonsc 
^tage A ti^nsgt ne is a DNA which is mtegrated into the genome of a cell from whtch a transgenic animal 
develops In one embodunem, cDNA entodmg PRO can be used to clone genomic DNA encoding PRO m 

30 accordance wuh estdbln>hed tCLhrnque <md the genonnc sequences used lu generdtc transgenic anim^K thai 
contai hcll which express DNA t-ncodma PRO Me'K^d<; geiicjatme trdnsgrnit^ amma! pard.ulariy 
mma! suth <i smite or r^is lunc become Loa\t' <. ^ u i'" ^''C are described, t<^i example m U S Patent 
Nos 4,7-^^ ?vo6ai)d4 g^O t!{>9 T\ptcal)> :^->n^Jd'^^ - .s.v j ^^c Mrqetcd tor PRO tr m'^ene incorporation 
withtissiifc speLiliL enlun^tjc Trdnsotn.t. ..r^-^iaK rh?' j ^1 jt-v . vOp^ oi a tran<;)icne tncodmg PRO introduced 

35 into ihc £!Crm litit oi tht animal at an cmbrvoi u - -^g-. -^c ■^u"^ 'o e\ ' i.i iv the effect ot m- reaped expiession 
of DNA cHLrtdnss PRO Such ammais can he ust,d <^s cs'.' t a ^ lo- s ' o f o confer prol^-ctinn 
from, for c xample pathological conditions associated with it6 o v ^.n. cpi t, >s on hi 3cc< trd mi. e v. nh this racet ot 
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the invention, an animal is treated with the reageta and a reduced incidence of the pa&ologicai condition, 
compared to untreated animals bearing the transgene, would indicate a potential tberapeutic intervention for the 
pathological condition. 

Alternatively, non-human homologues of PRO can be used to construct a PRO "knock out" aniisal 
which has a defective or altered gene encoding PRO as a result of horaologous recombination between the 
5 endogenous gene encoding PRO and altered genomic DNA encoding PRO introduced iitto an embryonic stem 
cell of the animal. For example, cDNA encocting PRO cm be used to clone geaomic DNA encoding PRO in 
accordance with established teclaiitjues, A portion of the genomic DNA encoding PRO can be deleted or 
replaced with another gene, such as a gene encoding a selectable marker which can be used to monitor 
integration. Typically, several kilobases of unaltered Ranking DNA (both at the 5' and 3' ends) are incHided 

10 in the vector [see e.g., Thomas and Capecchi, CgU, 51:503 {1987) for a description of homologous 
recombination vectors]. The vector is introduced into an embryonic stem ceil line (e.g. , fay eiectroporalion) s^d 
cells ill which the introduced DNA has homologoiisly recombined with the endogenous DNA are selected [see 
e.g., Li et al., Cell. 69:915 (1992)]. The selected cells are then injected into a bla^ocyst of an animal (e.g., 
a mouse or rat) to form aggregation chimeras [see e.g., Bradley, in Teratocarcinorms and Bmbryonic Stem 

15 Cells: A Practical Apprmch, E. J- Robertson, ed, (IRL, Oxford, 1987). pp. 1 13-1521. A chimeric embryo can 
then be implanted into a suitable pseudopregnant female foster animal and the embryo brought to term to create 
a "knock out" aatma!. Progeny harboriiig the homoiogously recombined DNA in their germ cells can be 
identified by standard techniques and used to breed animals hi which all cells of Uie animal contain the 
horaologousiy recombined DNA, Knockout animals can be characterized for instance, for tJietr ability to defend 

20 against certain pathological conditions and for their development of pathological conditions due to absence of 
the PRO polypeptide. 

Nucleic acid encoding the PRO polypeptides may aJso be used in gene therapy. In gene therapy 
appiications, genes are introduced into cells in order to achieve in vivo synthesis of a thera|)euticaJly effective 
genetic product, for example tor replaceinem of a defective gene. "Gene therapy" includes both conventional 

25 gene therapy where a lasting effect is achieved by a single treatment, and the administration of gene therapeutic 
agents, which involves the one time or repeated administration of a therapeutically effective DNA or mRNA. 
Antiseiise RNA.S and DNAs can be tjsed as ther^eutic agents for blocking the expression of certain genesi in 
vivo. It ha.s already iwen shown that short anfisense oligonucleotides can be imported mto cells where they act 
as inhibitors, despite their low intracellular concentrafions caused by their restricted uptake by the ceii 

30 membrane. (Zamecnik et al , Proc. Natl. Ac ad. Sci. USA 83:4143-4 i 46 p 986]). The oligonucleotides can be 
modified to enhance their uptake, e.g. by substituting their negatively charged phosphodiester groups by 
uncharged groups. 

There are a varietj' of techniques available for introducing nucleic acids into viable cells. Tlie 
techniques vary depending \ipon whether the nucleic acid is transferred into culiured cells in vitro, or in vivo in 
35 the cells of the ititended host. Techniques suitable for tiie transfer of nucleic acid into mammalian celts in vUro 
include the use of lijwsomes, eiectroporation, microinjection, cell fusion, DEAE-dextran, the calcium phosphate 
precipitation method, etc. The currently preferred in vivo gene traffiifer fecimiques include transfection with viral 
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(rypicalJy reiTovirai) vectors and viral coat protein-iiposome mediated transfection {Dzm et al., Tmidsia 
BjotechoQiogy 11, 205-210 [1993]), la some situations it is desirable to pmvide the nucleic acid source with 
ati agent ihat targets the target cells, sucii as ati antibody specific for a ce]l surface membrane proteiii or (he 
target ceii, a Hganci for a receptor oti the target ceil, etc. Wliere liposomes arc employed, proteins which bind 
io a cell surface membrane protein associated wiiii ertdocytosis may he tjsed for targeting and/or to facilitate 
5 uptake, e.g. capsid proteins or fragments thereof tropic for a particular cell type, antihodies for proteins wliich 
undergo nitcrnal ia:af ion in cycling, proteins that target intracellular localization and enhance intracellular half-life. 
The tecluticjue of receptor-mediated endocytosis is described, for example, by Wu et al., i- Bigj, Chen^., 262, 
4429-4432 (1987); and Wagner et al„ Proc. Natl. Acad. Sci. USA 87, 3410-3414 (1990). Por review of gene 
marking and gene therapy protocols see Anderson et aL, Science 256, 808-813 (1992). 
i 0 The PRO poiypeptides described herein may also be employed as molecular weight nitarkers for protein 

electrophoresis purposes and the isolated nucleic acid sequences may be used for recombinantiy expressmg those 
markers. 

The nucleic acid raolecoies encoding the PRO polypeptides or fragments thereof described herein are 
useful for chromosome identification. !n this regard, there exists an oiigoing need to identify new chromosome 

15 markers, since relatively few chromosome marking reagents, based upon actual sequence data are presently 
available. Each PRO nucleic acid molecule of the present invention caa be tised as a chromosome marker. 

Tiie PRO polypeptides and nucleic acid molecules of the present invention may also be used 
diagnosticaily for tissue typing, wherein the PRO polypeptides of the present invention may be differentially 
expressed in one tissue as compared to another, preferably in a diseased tissue as compared to a normal tissue 

20 of the same tissue type. PRO nucleic acid molecules will find use for generating probes for PCR, Northern 
;uialysis. Southern atialyst-s and Western analysis. 

The PRO polypeptides described herein may also be employed as therapeutic agents. The PRO 
polypeptides of the present invention can be formulated according to known methods to prepare pharraaceuticaily 
useful compositions, whereby tlie PRO product hereof is combined in adtnixture with a phannaceutically 

25 KcceplaMe carrier vehicle. Therapeutic formulations are prepared for storage by n^ixirig the active ingredient 
having tfie desired degree of purity with optional physiologicaliy acceptable carriers, excipienrs or stabilizers 
(Remin gton's Pharmaceulical Sciences 16th edition, Osoi, A. Ed. (1980)), tn the form of lyophiiized 
formulations or aqueous solutions. Acceptable carriers, excipieots or stahtiizers are nontoxic to recipients at flie 
dosages and concentrations employed, and include buffers such as phosphate, citrate and other organic acids; 

30 antioxidants including ascorbic acid; low molecular weight (less than about 10 re.sidues) poiypeptides; proteins, 
such as serum albumin, gelatits or immunoglobuliiis; hydrophilic polymers such as {M^ly vinylpyrrolidone, amino 
acids such as glycine, glutamine, asparagine, arginine or lysine; raonosaccltarides, disaccliarides and other 
carbohydrates including glucose, mamiose, or dextrins; chelating agents such as EDTA; sugar alcohols such as 
ma!inito] or sorbitol; salt-forming counterions such as sodium; and/or nonlonic surfactants such as TWEEN™, 

35 PLURONICS™ or PEG. 

The formulatiom to be used for in viiwadnnnistration must be sterile. This is readily accomplished by 
ftltratjon through sterile filtration membranes, prior to or following lyopMlization and reconstittition. 
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Therapeutic compositions herein generaiiy are placed into a costamer haviag a sterile access port, for 
example, an imravenous solution bag or vial having a stopper pierceabJe by a hypodermic itijection needle. 

The route of administration is in accord with known methods, e.g. injection or itifiision by imravenoiis, 
tntraperitoneal, intracerebral, intrsunuscular, intraocular, i^^traarleria] or intralesioml routes, topical 
admirastracion, or by sustained release systems. 
5 Dosages and desired drug ct^ncentrations of pharmaceutical compositions of the present invention may 

vary depeaciing on the particular use envisioned. The determination of lite appropriate dosage or route of 
administratioii is well within the sidll of an ordinary physician. Ajitma! experiments provide reliable guidance 
for the determination; of etfective doses for human therapy. Interspecies scaling of effective doses can be 
performed following the principles laid down by Mordenti, S. and Chappeii, W. "The ose of mterspecies scaliiig 
10 in toxicokinetics" In Toxicokinetics and New Drug Development, Yacobi et al., Eds,, Pergamon Press, New 
York 1989, pp. 42-96, 

Wlien in vivo admini.srration of a PRO polypeptide or agonist or antagonist thereof is employed , normal 
dosage amounts may vary from about 10 ng/kg to up to 100 rag/kg of matnmal body weight or more per day, 
preferably about 1 ^g/kg/day to 10 mg/kg/day, depending upon the route of administration. Guidance as to 

15 parficular dosages and ineihods of delivery is provided in the literature; see, for example, U.S. Pat. Nos. 
4,657,760; 5,206,344; or 5,225,212. It is anticipated that different fonnulations wii! be effective for different 
treatnie w comjxmnds and difterent di.sorders, that administration targeti^jg one organ or tissue, for example, may 
neces-sitate deliverj' in a manner different from tku to anotijer organ Of tissue. 

Where sustained-release adiatnistration of a PRO polypeptide is desired in a formulation with release 

20 characteristics suitable for the treatment of any disea.se or disorder requiring administration of the PRO 
polypeptide, microeucapsjulation of the PRO polypeptide is contemplated. MtcroencapstJiation of recombinant 
proteins for sustained release has been successfully performed witli human growth honnone (rhGH), interferoo- 
(rhlFN- ), inierieukin-2, and MN rgpl20. Johnson et a!„ Nat, Med.. 2:795-799 (1996); VasacSa, Biomed. 
I^3S^, 27; 1221- 1223 (1993); Hora et aL. Bio/Technolo8V. 8:755-758 (1990); Cleland, "Design and Production 

25 of Single Immunization Vaccines Using Polylactide Polyglycolide Microsphere Sy.stems," in Vaccine Design: 
The Subtmit and Adjuvant Approach . Powell and Newman, eds, {Plenum Press: New York, 1995), pp, 439-462; 
WO 97/03692, WO 96/40072, WO 96/07399; and U.S. Pat. No. 5,654,010, 

The sustained-release formulations of these proteins were deveioped using poly-lactic-coglycoiic acid 
(PLGA) |Ki!ymet due to its btocompatibility and wide range of biodegradable properiies. The degradation 

30 products of PLGA, lactic ;md giycoiic acids, can be cleared quickly within the iiuman body. Moreover, the 
degradability of tins polymer can be adjusted from rr.onths io years depend ij-^g on its molecular weight and 
composilion. Lewis, "Controlled release of bioac.t!\L- Meenrs from lacrkie.glvcolidi; polymer," in: M. Ctsasin 
and R. Langer (Eds.), Biodegradabie Po ly mers as Dtue Den% cr% Sv^iems ^Marcel Dekker: New York, 1990), 
pp. 1-41. 

35 This invention encor[ip;tsses tnethods of screening compounds to identify those thm nuniic the PRO 

poiypepiide {agoiiisi-s) or prevetit tiic effect of the PRO polypeptide (antagonists). Screeuitig assays for 
antagonist drug candidates are designed to identity ct>mpounds that bind or complex with the PRO polypeptides 
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encoded by the genes ideotified herein, or otherwise interfere with the interaction of the encoded polypeptides 
with other cehular proteins. Such screemrig assays wiU seclude assays amenable to high-ihrowghput screetting 
of chemical libraries, making them particularly suitable for iderttifying small molecule drug candidates. 

The assays can be perfonrted in a varietj' of formats, including protein-protein binding assays, 
biocbenrjical screening assays, immunoassays, and celJ-faased assays, which are well characterized in the art, 
5 All assays for atttagomsts wee common in that they call for contacting the drug candidate witlt a PRO 

polypeptide encoded by a nucleic acid identified herein under conditions and for a time sufficient to allow diese 
two components to interact. 

in binding assays, the interaction is binding and the complex formed can be isolated or detected in the 
reaction mixture, in a particular embodiment, the PRO polypeptide encoded by the gene identified herein or the 

10 drug candidate is immobilized on a solid phase, e.g., on a microtiter plate, by covalent or non-covalent 
attachments. Non-covaleiit attachment generally is accomplislied by coating the solid surface with a solution of 
the PRO polypeptide and drying. Aitemattvely, an immobilized antibody, e.g. , a monoclonal antibody, specific 
for the PRO polypeptide to be immobilized can be used to anchor it to a solid surface. The assay is performed 
by adding rhe non-immobilized component, which may be labeled by a detectable label, to the immobilized 

15 component, e.g., the coated surface containing tiie anchored corapotient. When the reaction is complete, the 
non-reacted components are removed, e.g., by washing, and complexes anchored on the solid surface are 
detected. When the originally non-immobilized component carries a detectable label, the detection of label 
immobiiized on the surface indicates that complexing occurred, Whexe the originally non-immobilized 
component does not cany a label, complexing can be detected, for example, by using a labeled antibody 

20 specifically binding the immobilized complex. 

If iJie candidate compound interacts with but does not bind to a particular PRO polypeptide encoded by 
a gene identified herein, its ir^eraction with that polypeptide can be assayed by meihods well known for detecting 
protein-protein interactions. Such assays inctude traditional approaches, such as, e.g., cross-linking, co- 
immunoprecipitation, and co-purification through gradients or chromatographic columns. In addition, protein- 

25 protein interactions can be monitored by using a yeast-based generic system described by Fields and co-workers 
(Fields and Song, Nature (London) . 340:245-246 (1989); Chien et al., Proc. Natl. Acad. Sci. USA . 88:9578- 
9582 (1991)) as disclosed by Chevray and Nathans, Proc. Natl. Acad. Set. USA . 89: 5789-5793 (1991). Many 
transcriptional activators, such as yeast GAL4, consist of two physically di.screte modular domains, one acting 
as the DNA-binding domain, the other one functioning as the transcription-activation domain. The yeast 

30 expression ,sy-s£em described in the foregoing publications (generally referred to as the "two-hybrid system") 
takes advantage of this property, and employs two hybrid proteins, one in which the target protein is fijsed to 
the DNA -binding domain of GAL4, and another, in whicli candidate activating proteins are fused to the 
activation domain. The expression of a GALl-/<icZ reporter gene under control of a GAL4-activated promoter 
depends on teconsiitution of GAL4 activity via proteiti-protein interaction. Colonies containing interacting 

35 polypeptides are detected with a chromogenic substrate for {]l-ga{actostdase, A complete kit 
{MATCHMAKER'^") for identifying proteiivprotein inreractions between two specific proteins using the two- 
hybrid tecluiique is comniercially available from Clomech. This system can also be extended to map protein 
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doraains invqlvetJ m specific protein interactions as weii as to pinpoint araino acid residues that are cmciai for 
these interactions. 

Compounds that interfere with the interaction of a gene encoding a PRO polypeptide idemifietJ herein 
and other intra- or extraeeltular components can be tested as follows: usually a reaction mixture is prepared 
containing the product of die gene and the intra- or extracelMar component under additions and for a time 
5 allowing for the interaction and binding of the two products. To test the ability of a candidate compound to 
inhibit binding, (he reaction is run in the absence and in the presence of the test compound, in addition, a 
placebo may ba added to a third reaction mixture, to serve as positive control. The binding (complex fonaation) 
between tte test compound and the intra- or extracelttjiar component present in the mixture is monitored as 
described hereinabove. The formation of a complex in the control reaction(s) but not in tfie reaction mixture 
10 containing the test compound indicates that the test compound interferes with the interaction of the test compound 
and its reaction partner. 

To assay for antagonists, the PRO polypeptide may be added to a cell along with the compound to be 
screened for a particular activity and the ability of the compound to inhibit the activity of interest in the presence 
of ihe PRO polypeptide indicates that the compound is an antagonist to the PRO polypeptide, AJternatively, 

15 antagonists may be detected by combining the PRO polypeptide and a potential antagonist with membrane-bound 
PRO polypeptide receptors or recombinant receptors under apprapriate conditions for a competitive inhibition 
assay. The PRO polypeptide can be labeled, such as by radioactivity', such that the number of PRO polypeptide 
molecules bound to the receptor can be used to determine the ef&ctiveness of the potential antagonist. The gene 
encoding the receptor can be identified by numerous meUiods known to those of skill in the art, for example, 

20 Ugand panning and FACS sorting. Coligan et al., Current P foiocols in Immuo.. 1(2): Chapter 5 (1991). 
Preferably, expression clomng is employed wherein polyadetiylated RN A is prepared from a ceil responsive to 
the PRO polypeptide and a cDN A library created from this RN A is divided into pools and used to transact COS 
cells or other ceils that are not responsive to the PRO polypeptide. Transfected cells that are grown on glass 
slides are exposed to labeled PRO polypeptide. The PRO poly]>eptide can be labeled by a variety of means 

25 including iodinalion or inclusion of a recognition site for a site-specific protein kinase. Following fixation atid 
incubation, the slides are subjected to autoradiographic analysis. Positive po<:>ls are identified and stib-pools are 
prepared and re-transfected using an interactive sub-pooling and re-screening process, eventtjally yielding a 
single clone that encodes the putative receptor. 

As an alternative approach for receptor identification, labeled FRO polypeptide cati be photoaffinity- 

30 linked with cell membrane or extract preparations that express the receptor raoiecuJe, Cross-linked material is 
resolved by PAGE and exposed to X-ray fihn. The labeled complex containiitg the receptor can be excised, 
resolved i^ito peptide fragments, and subjected to protein micro-sequenciiig. Tite amino acid sequence obtained 
from micro- sequencing svould be used to design a set of degenerate oligonucleotide probes to screen a cDNA 
library to identify the gene encoditjg the puiative receptor. 

35 In another assay ibr fmtagonists, mammalian cells or a membrane preparation expressing the receptor 

would be incubated with labeled PRO polypeptide in the presence of the candidate compound. The ability of 
the compound to enhance or block tliis iRteraction could then be measured. 
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More specific examples of potential antagonists iftciude an oligonucleotide that binds to the ftisiom of 
injiniinoglobuUH with PROpoiypeptitle, and. in particular, antibodies including, without hmitation, poly- and 
monoclonal antibodies arad antibody fragments, single-chain antibodies, ami-idioiypic antibodies, and chmjeric 
or humanized versions of such antibodies or fragments, as %vell as human antibodies and antibody fragments. 

Alternatively, a potential antagooisr may be a closely related protein, tot example, & mutated form of a^e PRO 
5 polypeptide that recognizes tiie receptor but imparts no effect, thereby competitively inhibiting the action of the 
PRO polypeptide. 

Another potential PRO polypeptide antagonist is an amisense RNA or DNA construct prepared using 
antisense technology, where, e.g. , an antisense RNA or DNA molecule acts to block directly the translation of 
mRNA by hybridizing to targeted mRNA and preventing protein traaslation. Aittisense technology can be used 

IQ to control gene expression through triple-heJix formation or antisense DNA or RNA, both of which methods ate 
based on binding of a polynucleotide to DNA or RNA, For example, (he 5' coding portion of the polynucleotide 
se^iuence, which encodes tlie mature PRO polypeptides herein, is used to design an antisense RNA 
oligonucleotide of from about 10 to 40 base pairs in lengJh. A DNA oligonucleotide is designed to be 
complementary to a region of the gene involved in transcription {triple helix - see Lee et a! .. NacL Acids Res.. 

15 6:3073 (1979); Cooney et al., Science. 241: 456 {1988); Dervan et al,. Science. 251:B60 (1991)), thereby 
preventing transcription and the production of the PRO polypeptide. The antisense RNA oligonucleotide 
hybridixes to the mRNA in vivo and blocks translation of the mRNA molecule mto the PRO polypeptide 
{antisense - Okano, Neurochem. . 56:560 (1991); Oli g odeox ynucleotides as An^is^nse Inhibitors of Gene 
Ex pression (CRC Press; Boca Raton, FL, 1988), The oligonucleotides described above can also be deJivered 

20 to celis such that the antisense RNA or DNA may be expressed in nvo to inhibit production of tiie PRO 
poij'peptide. When antisense DNA is used, oiigodeoxyribonndeotides derived from die translation-initiation site, 
e>g., between about -10 and +10 positions of the target gene nucleotide sequence, are preferred. 

Potential antagonists include small molecules that bind to the active site, tiie receptor binding site, or 
growth factor or other relevant binding site of the PRO polypeptide, thereby blocking the normal biological 

25 activity of the PRO polypeptide. Examples of smalt molecules include, but are not limited to, small peptides 
or peptide-like molecules, preferably soluble peptides, and synthetic non-peptidyi organic or inorganic 
corapounds- 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage of RNA. 

Riho/vmes act b\ sequence spti^ita hybridization to the compiememar> urgei RNA, loHowed by 
30 ttidoniJi-ieoivut, cleavage SiMcific t tbozvme cleavage sites wsthm a poientu! RN \ target <.<m be nJentiOed by 

knowiitecimRiucs For Juiiher details see, e f , Rosm. Current Btolog) 4 46<^ 47! (1V04) and PCTptiWication 

No. WO 07 ^^-^M (published September 1^ 

Nlucieic actd raolcujks m triple hth\ tonnation used H' inhibit tuinscnptKui ihould be single-siranded 

and ctimposcd i>t deownucieotides Ihe base compohrtion of these oiigotiucieondcs is designed such that it 
35 promotes tnple-heiix lorraation vm Hoogsteen basc-panmg rules, winch generally reftuire sizeable stretches of 

purines ur pirmiidtncs on one strand of a duplex For further defads see, e g., PCX publication No WO 

97/.'i355L supra. 
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These small iiioiecaies cm be idcRtified by any one or more of the screening assays discussed 
hereinabove and/or by any ofeer screening tedmiqaes wetf known for those sldlled in the art. 

Diagnostic md therapeuric uses of the herein disclosed malecales may also l>e based upon the positive 
functional assay hits disclosed and described below. 

5 F. Anti-PRO Antibodies 

The present invention forttier provides anti-PRO antibodies. Exemplary antibodies incliide polyclonal, 
monoclonal, humanized, bispecific, and heterocoajugate antibodies, 

1. Polvcionai Amihodics 

10 The anti-PRO antibodies may comprise polyclonal antibodies. Methods of preparing polycSoiial 

antibodies are known to the skilled artisan. Polyclonal antibodies can be raised io a mammal, for example, by 
one or more injections of an immimizing agent and, if desired, an adjuvaat- Typically, the imm«nizing agent 
and/or adjuvant will be injected in the mammal by tnultipie subci^eoas or intraperitoneal injections. Hie 
immujuzing agent may include file PRO polypeptide or a fusion protein thereof. It may be useful to conjugate 

15 ihe immunizing agent to a protein known to be immunogenic in the mammal being immtmized, Exaa^les of 
sHcb ininuinogenic proteins Lnciude but are not limited to keyhole limpet hemocyanin, serara albumin, bovine 
thyroglobulin, and soybean trypsin inhibitor. Exatnples of adjuvants wliich may be employed include Freund's 
complete adjuvant and MPL-TDM adjuvant (moaophosphoryl Lipid A, synthetic trehalose dicorynomycolaie). 
Tlifi immunjxation protocol may be selected by one sldlled in the art without undue experimentation, 

20 

2. Monoclonal Antibodies 

The ami-PRO antibodies tnay, alternatively, be monoclonal antibodies Monos-lonal antibodies may be 
prepared using hybridoma med^ods, .such as those described by Kohler and Mil&iem, Nature, 2% 495 (1975) 
In a hybridoma method, a mouse, hamster, or other appropriate host aumia!, is typ5cal!> immtmi7cd with an 

25 immunijzing agent to elicit lymphocytes tiiat produce or are capable of producm? anitb<x!ieh that will s-pecifically 
bind JO the immunizing agent. Alternatively, the lymphocytes may be immunized in vilm. 

The immuiitziiig agent will typically include the PRO polypeptide or a fusmn piotein thereof. 
Generally, ciihcr peripheral blood lymphocytes ("PBLs") are ised if cells of human origin ai e desti ed, or spleen 
cells or lymph node cells are used if non-fauman mammalian sources are desired The Ijmphocvtes are then 

30 fused with an immortaiized ceil line using a suitable fusing agent such as poiyethj-lene gl\coI !o lomi a 
hybrtdotna cell jGodina. Mon<>clo tial Antibodies: Princ iples and Practice. Academic Pre^i,, ( ly^o) pp ln3) 
imnioriaiized cell liijes art- usually ti ansforiTicd ma:T!;-nah;;;i cells, parliculaTl) m\e}oma cells, ol roijt nt, hovme 
and human otigin. UsuaMy, rat or moose mveloma cell lines are employed ihe hybndoma c<;]\<i maj be 
cultured in a suitable cultuie medium that preferabl}' contains one or more substjntt-s ih.jt inhibit the /rowth or 

35 sui vival of the unm^ed, jmrnortaii/xd ccil^ For exampio, if the parental ceiK la.;k the en/vme h>poxanthtne 
guanine phosphoribosyl transferase (HGPRF or HPRf;, '.he culture mcdmm for the hybridomas r>p!i,ali> wHl 
include hypox.induiie. aminoptenn, and thymidine ("HAT medium"), which substances ps event the growth ot 

86 
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HGPRT-deficieilt cells. 

Preferred immomiized cell lines aretiiose that fiiise efficjeialy, support stable high level expression of 
antibody by the selected antibody-producing celts, aiid are sensitive to a medium such as HAT medima. More 
preferred itnniortalized cell lines are murine myeloma lines, which can be obtaiued, for instance, from tlie Salic 
Institute Cell Distribution Center, San Diego, Califonaia and tlie American Tyjje Culture Collection, Manassas, 
5 Virginia. Htanan myeloma and mouse-faumaii heteromyeloma cell lines also have been described for the 
production of human monoclonal antibodies [Kozbor, J. InmumoL , 133 ;3001 ( 1 984); Brodeur et al . , M . onQ cfeaaii 
Antibody Production Techmques and Ap plications . Mjircei Deicker, Inc., New York, (1987) pp. 51-633. 

The culture medium in wbtch the hybridoma ceiis are cultured can ihen be assayed for tlie presence of 
monocionai antibodies directed against PRO, Preferably, the binding specificity of monoclonal antibodies 

10 produced by the hybricioma cclis is determined by immunoprecipitation or by an in vitro binding assay, such as 
rad3oiininut5oass;ay (RIA) or civ.yme-Unked immunoabsorbent assay (ELISA), Such techniques and assays are 
known in rhe arL The binding affimty of the monocfotia! itnti!>ody can, for example, be determined by the 
Scatchard analysis oi Munson and Poiiatd. Anal. Biochem.. i07:220 (1980). 

After the desired hybridoma cells are identified, the clones may be subcioned by limiting dilution 

15 prixedures and grown by standard methods [Coding, suprai . Suitable culture media for this purpose include, 
for example , Duibccco s Modified Eagle's Medium and RPMI-1 640 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a laanaual. 

The monocional antibodies secreted by the subclones may be isolated or purified from the culture 
medium or ascites fluid by conventional immunoglobulin purification procedures such as, for example, protein 

20 A-Sepl-iarose, hydroxylapacite chromatography, gel electrophoresis, dialysis, or affinity chrooiatography. 

The monoclonal antibodies may also l>e made by recombinant DNA methods, such as those described 
in U -S. Patent No. 4,8 16,567 , DNA encoding the monoclonal antibodies of the invention can be readily isolated 
and sequenced using conveniionai procedures (e.g., by using oligonucleotide prol>es that are capable of binding 
specifically to genes encoding the heav7 and light chains of murine atitibodie.^). The hybridoma ceiis of the 

25 invention serve as a preferred source of such DNA. Once isolated, the DNA may be placed itito expression 
vec tors, which are then transfected into host cells such as simian COS eel is, Chinese hamster ovary (CHO) cells, 
or myeloma ceils tlia! do not otherwise produce immunoglobuliti protein, to obtaiti the synthesis of monoclonal 
antibodies in the recombinant host cells. 'Hie DNA also may be modified, for example, by substituting the 
coding sequence for human heavy and light chain constant doraaias inplaceof tiae homologous murine .sequences 

30 [U.S. Patent No. 4,816,567; Morrison et al., gupral or by covalently joining to the immunoglobulin coding 
sequence al! or part of the coding sequence for a aon-immunoglobulin polypeptide. Such anon-tmmunoglobalm 
poljpeptide cm. be substituted for the constant domains of an antibody of the invention, or can be substituted for 
the variable domains of otie antigen-combining site of an antibody of the iiivention to create a chimeric bivalent 
antibody. 

35 Tlie antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well 

known in the art. For example, one method mvolves recombinant expression of immunoglobtji in 3 ight chain and 
modified heavy chain. The heavy chain is truncated generally at any poiitt in the Fc region so as to prevent 

87 
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heavy chain crossUrsidng. Ahernatively, the relevant cysteine residues are substituted with another aaiino acid 
residye or are deleted so as to prevenr crossiiiikiog. 

In vuro sTieihods are als,o Miitable for preparing monovalent antibodies. Digestion of antibodies to 
produce IVagnients tliereof, particularly, Fab fragments, can be accompiished using routine techniques kaowa 
in the art. 

5 

3. Human and Htimanized Antibodies 
The aati-PRO antibodies of the invention may further comprise humanked antibodies or human 
aittibodies. Hunianized forms of non-human (e.g., murtne) antibodies ire chmttut- itnmunogiobuhns 
iininiinogiobiiSin chaitis or fragments thereof (such as Fv, J-db, Tab r(<ib ot other antigen binding 
.10 subsequcnc&s of antibodies) which contain minimal seqnetict dernui ftom noi) human iraniimogiobuhn 
Humanized antibodies include human inimuiioglobuUns (rtcipitnt Mifihodv) m which residues from a 
compiementary determining region (CDR) of tiie recipient a[ <. < p t . U i ^iducs 1 rom a CDR of a non-human 
species (donor antibody) such as mouse, rat or rabbit lutvjj » the dcs.'-ta specifiCit> aJftniti and capdtit> In 
some instances, Fv framework residues of the hums.n inimuno»:iohuhn are replaced b> i.orre&poudmg non human 
15 residues. Humanized antibodies may also comprise residu< s whith tre loutid nt tfhct m the tecipicnt antibod> 
nor in the imported CDR or frame-work sequences, hi genersl !^!«. I uutit/cd antibody svilt comprise 
substamialiy all of at least one, and typically two, variable do n rns i u*- i.h ill or Nubstantially aU ot iht, CDR 
regions corresjKind to those of a non-human immunoglobul n ^txi t ' or substantiaU) all of the FR regions are 
those of a human immunoglobulin consensus sequence. The hur luj/ed intibodj optimally also wiil comprise 
20 at ieast a portion of an immunoglobulin constant region (Fc ) < \ p v, i1i> that of a human mtmunogiobulm [Jones 
et aJ., Nature, 321:522-525 (1986); Riecluiiann et al., Nature, 332:323-329 (2988); and Previa. Ots,^ 
Struct. Bio!. . 2:593-596 (1992)1. 

Methods for huinam/mg non-human anubodie": are well known m the art Generally, a humanized 
dntt!>odv has one or more amino at-id restdjt.-. ji*'od .^cd u.to a ixom a source whtch is non human These non- 
25 human ammo acid residues are often refet led to a , t n s " lesiducs, which are ty picallv taken from an "import" 
varidhle dontam Humanizatton c ati be esscn'ialU pcrlormed following the method of Wjmer and Co workers 
IFonci et A , N ittia- 321 ^2? *!25 (1<>86), Rieehmann et al , Nature , 332.323 327 (598S1 Verhoeyen et al , 
Scsenct. 239 1^ + >^ ^ 1''^;^)], by substtnitmg rodent CDRs or CDR sequences for the corresponding 
scqueni^es of a human anmouv Accordingly, such 'hunitLsuzed" anttbodie'i are chimeric antibodic-UJ S Patent 
30 ISfo 4,816,567), svhcrein suhbtjnf.^i '\ ; ji- r i < hjr I's \. citable domain has been substituted b> ihe 
correspnnditig s&quenre itom a a<>5 hiin^an s[H;cies In practice, humaiured antibodies are typicail) human 
antibodies m winch mme CDR lestdues and possibly some FR residues are substituted by residues from 
ana[og<His sites m rodent tinttbodies. 

Human antibodies can dKo be produced using various techniques kiown ni the air, mcltidin^ phage 
35 display librancs [I loogenlwom and Wmter, J Mol Biol 222 ^S i ( I i, Marks u dl , J Moi Biol 222 58 1 
1 1991 5] The techniques oi Cole et a! ai-<u Bi^c-rei i.t . .-e a -o .\aiiabK- tor the preparation ot human 
monoclonal dntibodtes <Cole et al. , Moiiocion al Antib odies and Canct;r Phera p y . AlanR Liss.p 77<i9S5)and 
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Boeraer e£ aJ., J. IrnmuiK?!. . 147{ I> ;86-95 (i99l)l. Similarly, human amibodies can be made by introducing 
of human jranmnoglobulin loci into transgenic animals, e.g., mice in which the endogenous inanunoglobulin 
genes have been panially or completely inacdvated. Upon dhallenge, hunvarv antibody production is observed, 
which closely resembles that seen in humans in all respects, including gene rearrangement:, assembly, and 
antibody repertoire. This approach is described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 
5 5,569,825; 5,625,126; 5,633,425; 3,661,016, and in the following sciendfic pubiications: Marks et at., 
Bio/Technoiogy IQ, 779-783 (1992); !.x>nberg eial. Nat ure 36 8 856-859 {1994); Morrison, Nature 36§, 812- 13 
(1994); Fishwikt et al, Nature Biote diftolog y 14. 845-51 (1996); Neuberger, Nature Biotedi nojoay 14, 826 
(1996); Lonberg and Huszar, Intern. Rev. Immunol. B 65-93 (1995). 

The antibodies may also be affinity matured using known selection and/or mutagenesis methods as 
10 descnix-d above. Preferred affinity matured antibodies have an affinity which is five times, more preferably 10 
tiittcs, even more preferably 20 or 30 times greater fltan the starting antibody (generally murine, humanized or 
human) from in^tich the matured antibody is prepared. 

4. gmpecifiQ Antibodies 
15 Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have binding 

specificities for at least two different antigens. In the present case, one of the binding specificities is for the 
PRO, the other one is for aiiy other antigen, and preferably for a ceH-surface protein or receptor or receptor 
subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the recombinant 
20 production of bispecific antibodies is biised on the co-expression of two immunoglobuiin heavj'-chain/light-chain 
pairs, where tlie two heavy chains liave different specificities tMilstein and Cuello, Nature, 30^: 537-539 (1 983)] . 
Because of tiie random assortment of immunoglobulin heavy and light chains, these hybridomas (qiiadromas) 
produce a potential mixture often different antibody molecules, of which only one has the correct bi^eoific 
structure. The purification of the correct molecule is usually accomplished by affmity chromatography steps. 
25 Similar procedures are disclosed in WO 93/08829, published 13 May 1993, and m Trauaecker et al. , BMBO 
L, jjQ:3655-3659 (1991). 

Antibody variable domains with Sie desired binding specificities (ariiii>ody- antigen combinmg sites) can 
be fused to immunoglobulin constant domaiii sequences,. Tlie fusion preferably is with an imniutioglobulin 
heavy-chaiii constant domain, comprising at least part of the hinge, CH2, and CH3 regions. Is i.'S preferred to 

30 kive the first heavy-chain constant region (CH I ) containing the site necessary for light-cf lain binding present in 
at least one of the fusion.s, DNAs encoding the immunoglobulin heavy-chain fusions and, if desired, the 
umnutiogiobuiiii light chain, are in.sened into separate expression vectors, and arc co- irati.sfecied into a suitable 
host organi<.ffl. For ftirther details of generatitjg bispecific antibodies see, for example, Suresh et ai.. Methods 
in En-/.vinoloav . jli. 2 10 H 986), 

35 According to anotht-r approach described in WO 96/270! 1, the inieiface berv,'een a pair of antibody 

molecule*; can be engineert d to maximize the percentage of heierodimers which are recovered from recoinbinant 
cell culture. The preferred interface comprises at least a part of (lie CH3 region of an antibody constant domain. 



wo 01/40466 



PCT/liSO0/3267S 



in this methotl, one or more snai! amino acid side chains froni the imerfece of the first antibody tnoiecule are 
replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of identica! or similar 
size to the large side chain{s) are created on the interface of the second anttbtidy molecule by replacing large 
amino acid side chains with smaller ones (e.g. aianiiie or threonine). This provides a mechanism for increasing 
the yield of the heierodinier over other utwaiited end-products such as homodimers. 
5 Bispecific antibodies can be prepared as fuli length antibt>dies or antibody fr;igmenfs (e.g. P{ab')2 

bispecific antibodies). Techniques for generating bispecific antibodies from antibody fragmeoB have been 
described in tlie iiteratnre. For example, bispecific antibodies can be prepared can be prepared using chemica! 
linkage. Brennan et ai. , Science 229; 81 (1 985) describe a procedure wherem intact antibodies are proteolytically 
cleaved to generate F(ab')2 fragments. These fragments are reduced in the presence of the dilhiol compiextng 

10 agent sodium arsenite to stabilize vicinal dithiols and prevent iiitermolecular disulfide formation. The Fab' 
fragments generated are then converted to thionitrobenzoate (TNB) derivatives- One of the Fab'-TNB 
derivatives is then reconverted to the Fab'-thio! by reduction with mercaptoethylamine and is mixed with an 
equimolar amoont of the other Fab'-TNB derivative to form the bispecific antibody. The bispecific antibodies 
produced can be used as agents for the selective immobiUzation of enzymes, 

15 Fab' fragments may be directly recovered from E. coli mi chemically coupled to tbrm bispecific 

antibodies. Shalaby et at, J. Exp. Med. 175:217-225 (1992) describe the production of a fiilly humanized 
bispecific antibody F{ab')j molecule. Eadi Fab' fragment was separately secreted from £. coU and subjected 
to directed chemical coupling in vitro to form the bispecific antibody. The bispecific antibody thus formed was 
able to bind to cells overexpressing tlie ErbB2 receptor and normal human T cells, as well as trigger the lytic 

20 activity of human cytotoxic lymphocytes against hwmm breast tumor targets. 

Various technique for making and isolating bispecific antibody fragments directly from recombinant cell 
culture have also been described. For example, bispecific antibodies have been produced using leucine zippers. 
Kostelny ei. aL, S Immunol. 148(5):1547-1553 {1992), The leucitie zipper peptides from Hie Fos and Jun 
proteins were linked to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers 

25 were reduced at the hinge region to form monomers and then re-oxidized to form the anlibody hetercdimers. 
Tiiis method can also be utilized for the production of antibody homodimers. The "diabody" technology 
described by Hollinger el al., Proc. Natl. Acad. Sd. USA 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispecific antibody fraginems. The fragmems comprise a heavy-chain variable domain 
(Vfi) connected to a light-chain variable domain (Vi) by a linker which is too short to allow pairing l)e£ween the 

30 two domains on tiie .same chain, .Accordingly, the and Vj domains of one fragment are forced to pair with 
the complementary Vi and V„ domains of another fragment . thereby fomiing two antigen-binding sites . Another 
strategy for making bispecific anlibody fragments by tiie use of single-chain Fv (sFv) dimers has also been 
reptJrted, See, Gruber et uL, j. Immunol, 152:5368 (1994). 

.Antibodies with more than two valencies are contemplated. For example, trispecific antibodies can be prepared. 

35 Tntt et al. , J. Imnumoi. 547:60 (1991). 

Exemplary bispecific antibodies may bind to two different epitopes on a given PRO polypeptide herein. 
Alternatively, an anti-PRO polypeptide arm may be combined with an arm which binds to a triggering molecule 
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on a Jeokocyte such as a T-celi receptor molecule (e.g. CD2, CD3, CD28, or B7). or Pc receptors for IgG 
(FcyR), such as FcyRl (CD64), FcyRII (CD32) and FcyRni (CD 16) so as to focas cellular defease mechanisms 
to the eel! expressing the particular PRO potypeptWe. Bispecific antibodies may also be used to localize 
cytotoxic agents to cells which express a particukr PRO polypeptide. These antibodies possess a PRO-hinding 
arm and an arra which binds a cytotoxic agent or a radionuclide chelator, such as EOTUBE, DPTA, DOTA, 
5 or TETA. Another bispecific antibody of interest binds the PRO polypeptide and fimher binds tissue factor 
(TF). 

5. Heteroconiuaate Antibodies 

Heterocoiyugate antibodies are also within the scope of the present invention. Heteroconjugate 
10 antibodies arecomposed of two covalenfiy joined antibodies. Such antibodies have, for example, been proposed 
to target inimiine system cells to unwanted ceils [U-S. Patent No, 4,676,980], and for treatment of HIV infection 
[WO 91/C»360; WO 92/200373; £P 03089J. It is contemplated that the antibodies may be prepared in vUw 
usiftg known inerhods in synthetic protein chetnistry, including those involving crossiinking agents. For 
example, immunotoxins may be constructed using a disulfide exchange reaction or by fonning a thioether bond. 
15 Examples of suitable reagents for this purpose include iminothiolate and raethyl-4-tnercaptobutyrjmidate and 
those disclosed, for example, in U.S. Patent No. 4,676,980. 

6. Effector Func tion Engineering 

It may be desirable to modify the antibody of the invention widt respect to effector function, so as to 
20 eniiance, e.g. , the effectiveness of the antibody in treating cancer. For example, cysteine resjdue(s) may be 
introduced inki the Fc region, thereby allowing interchain disulfide bond formation in this region. The 
honrodimeric antibody thus generated may have improved imemalizaiion capability and/or increased complement- 
mediated cell killing and antibody -dependent cellular cytotoxicitj' (ADCC), See Caron ei al. , JJmMed-, 126: 
1191-1195 (1992) and Shopcs, .1. immunoL. 148: 2918-2922 (1992). Homodimeric antibodies with enhanced 
25 anti-tumor activity may also be prepared using heterobiftmctionai cross-linkers as described in Wolff et (tl. 
Cancer Research . S^t 2560-2.565 (1993). Alternaiiveiy, an antibody can be engineered that has dual Fc regions 
and may thereby have enhanced complement lysis and ADCC capabilities. See Stevenson et aL, Ami-Cancer 
Drag Design. 3: 219-230 (1989). 

30 7. Immunocotijugates 

The invention also pertains to intinunoconjugates comprising an ataibody conjugated to a cytotoxic agent 
such as 3 cliemothcrapcmic agctit, toxin {e.g. , an enzymaticaily active toxin of bacterial, fungal, plant, or animal 
origin, or fragments thereof*, or a radioactive isotope t,/.e,, a radioconjugate). 

Chemotherapcutic agents, useful in the getnerationof such im!nunoconJiii,ates have been described above, 
35 Enzymaticaily Jictive toxins an<l fragmenis thereof that can be used include diphlijena A chain, nonbmding active 
fragmenti. of diphtheria ioxtn, exotoxin A chain (from Fseudonujtms aeruginosa), ricm A chain, abrm A chain, 
modeccm A chain, alpha-sarcm, Aleurites fordii prt>teins, dianthin proteins, Phyiokica amencam proteins 
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i?A.Vl, P-^Pii, <uA P'\P-S) nsomojdtcd charantta inhibuor, cwcm, crotm, sapaoiiarw olficimlis iiitubtWi, 
e'elonui, mjtogelhn, reMnctotiit phenomycm, enomycsn. and the tncothecenes. A vdnety of radiotiuciidcs aic 
avaiiabie for the protJuctson of ( ddioconiugated anribodiei. Examples jncluJc '-Bi ' 'I, '''in, '*'Y, .md ''"'Re 
Coriiiigaiet, ot Qie antibody and cytotoxic agent are made using a variet) of bitimctional prost m-^i-mphng 
agents such as N-sucanimidyi-3H2-pynd>ldithiol) propionate (SPDP), itnmothiolane {fl^, bitunctionjJ 
5 derivatn of mndoebters {buc h as dimethyl adipimidate HCL), active esters (such as disuccirximidy ! <.ubera5e), 
diclehv<3es (such as, glmareldehjde), bis a/ido compounds (.Mich as biS (p azidolvetvoj 1 1 hexanediaminej, bis- 
dtazonium dt- i i\ ati\v~. (' uch as bib (p d}a?omumben7oyi)-eth>{enediaminc), diJsoc\ aiiaies (tuch as lol ycne 2,6- 
diisocvanak'S andbi^ acave fluomc compounds (such as l,S-difluoro-2. 4 dumroben/ene ) Foi example, a ncm 
imtnunt^Kij, in cm )>e prepared as desct ibod m Vuetia e( al , Science, 238 1098 { i 987} Carbon-14-labeled 1- 

10 isoihKicyauatoben/vl 3 mefhy1dKth> icnc tnanunepentaacetic acjd (MX-DTPA) is an exemplary chelating agent 
for conjugation ot radtonucleotide to the antibody. See W094/1 ID26. 

In another emlxidmieiit the .mubody may be conjucared fo a "receptor" (such streptavidm) for 
utilization intiinxsT pteiatgttin,? wherc.r the anubodv-rcceptoj conjugate ii> admimsiered \o the patient, foUowed 
bv umovAi nf ujibtiiitKl ((,. Id' 10 ''■0,1 tic c!rcu!..t'0'^ Ls ng a clearing agent and Jhen administration of a 

15 "ligand" (e.g., avidin) that is conjugated to a cytotoxic agetrt {e.g., a radionticleotide). 

8. lmmiinolipoi.omes 

The antibodies disclosed hereiii raay also be fomiuiated as irautiraoliposomes. Liposomes containmg 
the antibody are prepared by methods knowo in the art, such as described in Epstein aL, Proc. Nati. Acad. 
20 Sei. tfSA . 82: 3688 ( 1 985) ; Hwatig et al, , Proc. Natl Acad. Sci. USA . TL' 4030 ( 1980); and U.S. Pat. Nos. 
4,485,045 and 4.544,545. Liposomes with enltanced circniation time are disclosed in U.S. Patent No, 
5,013.556. 

Particularly useful lipo,somes can be generated by the reverse-phase evaporation method with a lipid 
composiiion coroprisfagphosphatidyicholine, cholesterol, and PEG-derivanzed phosphatidyiethanoiamine (PEG- 
25 PE), Liposomes are ejitruded through filters of defined pore size to yield liposomes with the desired diameter. 
Fab' fragments of the antibody of the present invention can be conjugated to the liposoti^es as described in Martin 
et al .. J. Bioi, Chem. . 257 1 286-288 {1982} via a disulfide-interchange reaction. A chemotherapeudc agent 
(such as Doxorubicin) is optionally contained witliin the liposome. See Gabizon et aL . L National Cancer Inst. . 
81(19): 1484 {1989). 

30 

9. Pharmaceutical Coin|x^siti o«s of A,-ntibQdies 

.A.ntjbodies specifically bit^ding a T'RO polypeptide identified herein, as well as other molecules 
identified by the screetiing assays disclosed herembefore, can be administered for the treatment of various 
disorders in she fomi of pharmaceutical compositions, 
35 If the PRO polypeptide is intracellular and whole antibodies are use4 as inhibitors, internalizing 

antibodies are preferred. However, lipofectioiis or liposomes caii also be used to deliver (he antibo<Sy, or an 
antibody ixagntent, into cells. Where aatibody fragments are used, the smallest inlribitory fragment that 
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specificaJiy binds fo the binding domain ofthetargecproreia is preferred. For example, based upon tiie variable- 
region sequences of an itntibody, peptide molecules can be designed thM retain the ability to bind the target 
protein sequence. Such peptides can be synthesized chemicaiiy and/or produced by reeombinant DNA 
lechnology. See, e.g., Marasco ef al., Proc. Natl. Acad . Sci. OSA. §0: 7889-7893 (J993). Hie fanulatexi 
liereiji may sl.'so contain more than one active compound a$ necessary for the particular indication beitig treated, 
5 preferaijly those with conipleineniary activities that do not adversely affect each other, Aiteriiatively, or m 
addition, the composiuon may comprise at! agent that ejibances its function, such as, for example, a cytotoxic 
agent, cytokine, chemotherapeuuc agent, or growtti-inhibitory agent. Such molecules are suitably present in 
combination in amounts that are effecti\-e for tiie pur{x)se intended. 

'l"lje active ingredients may al.so be entrapped in microcapsules prepared, for exanipie, by coaccrvatton 

10 techniques or by iriserfacia! poiyraerization, for exatnple, hydroxymethylcelhilose or geiarin-microcapsuies and 
poly (methylmethacyiate; microcapsules, respectively, in colloidal drug delivery systems (for exampJe, 
liposomes, aibuniin microspheres, microemulsions, nano-particies, and nanocapsules) or in macroemulstoiis. 
Such techniques are disclosed in Remington's Pharmaceutical Sciences , supra. 

The fonnulatiojis to be used for m vivo administration must be steriie. This is readily accomplished by 

15 filtration tiirough sterile fiUration membranes. 

Sustained -release preparations may be prepared. Suitable examples of sustained-release preparations 
incltide semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are in 
the form ot shaped ariictes, <f,^., ftlins, or microcapsules. Examples of sustained-reiease matrices ii^clude 
polyester.^, h>drogels (forexample, po}y(2-hydroxyethyl-meti}acrylate), or poly(vjiiylalcohoJ)), po5ylactides(U.S. 

20 Pat. No. 3,77.^,919), copoiymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable ethytene-vinyl 
acetate, degradabie lactic acid-glycolic acid cojwlymers stich as the LUPRON DEPOT {injectable 
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly~D-(->3- 
hydroxybutyric acid. While polymers such as eihylene-vinyl acetate and lactic acid-glycolic acid enable release 
of ntolecufcs for over KX) days, certain hydrogels relea$.e proteins for shorter time periods. When encapsulated 

25 antibodies remain in the body for a long t ime, tlicy may det^ature or aggregate as a resuit of exposure to moisture 
at 37 ' C\ resulting in a loss of biological activity and possible changes in jmrnunogemctty. Rational strategies 
can be devi.^ed for stabilization depending on the mechanism involved. For example, if the aggregation 
mechanism i.s di.-icovered to be intermolecular S-S bond formasioi5 through thio-disolfide interchange, stabilization 
may be achieved by modifying .suUhydry! residues, lyopbilizing from acidic solutions, controlling raoiswre 

30 content, tising appropriate additives, and developing specific polymer matrix compositions. 

The ;uiti-PRO antibodies of the invention have various utilities. Forexampte, antl-PRO antibodies may 
be used in diagnostic \m&y% U:v PRO. e.g. , detecting its expression (and in some cases, differentia} expression) 
35 in specific ce!l.s, ii.^sues, or .serujn. Various diagnosnc assay teclintques known in the art may be used, such as 
competitive binding assays, direct or indirect sandwich assays and iiiuBunoprccipitation assays conducted in 
either heterogeneous or homogeneous phases [Zola, Monocloaa t /Antibodi es: A Manual of Techiiiqties . CRC 
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Press, lac, (198?) pp. I47~!58j. The antibodies used in the diagnostic assays can be labeled with a detectable 
moiety. The detectable tnoiety should be capable of producing, either directly or itjdirectly, a detectable signal. 
For example, the detectable moiety niay be a radioisotope, such as "C, ^^P, ^*S, or a fluorescem or 
chemihjniinescent compound, such as fluorescein isothiocyanate, rhodaraine, or iuciferiii, or ati enzyme, such 
as tdkaime phosphata-ie, beia-galactosidase or horseradish peroxidase. Any method known in the att for 
5 conjugat3t5jj the anf ibody to the detectable moiety may be employed, ineludijig those methods described by Htinter 
et 2i , N.ituR 144 ^43 ( 1 'J62^ David el al. , BiochemtsiTv . Jl: 1014 (1974); Pain et al. , J. Immunol. Metk. 
40 219 ayS!), and N>greii J Histochem. and Cytochem. . 30:407 (1982). 

Anti-PRO antibodies aiso are useful for the affinity purification of PRO from recombinant ceil culture 
or natural sources In thib proLe&s !he aiitibodies against PRO are immobilb.ed on a suitable support, such a 
iO Sephadex rts.in ot tdter paper usmg methods well known in the art. The iramobilizied antibody then is contacted 
wi* a s<niipie u>tit utii<ig the PRO to be purified, and thereafter the support is washed with a suitable solvent that 
will reimne •>ubMsntii3li> all the material in the sample except the PRO, which is bound to the immobilized 
antibod> Finali> , the support is washed with another suitable solvent that will release the PRO from the 
antibody, 

1 5 The following examples are offered for illustrative purposes only , and are not intended to iimtt the scope 

of the present invetaion in any way. 

All patent and literature references cited in the present specificatiouare hereby incorporated by reference 
in their entirety. 

20 EXAMPLES 

Commercially available reagents referred to in the examples were used according to manufacturer's 
instructions unless otherwise indicated. The source of those cells identified in the following examples, and 
throughout the specification, fay ATCC accession numbers is the American Type Culture Collection, Manassas, 
VA. 




The extracellular domain (ECD) sequences (including the secretion signal sequence, if any) from about 
950 known secreted proteins from the Swiss-Prot public database were used to search EST databases. The EST 

30 databases included public databases (e.g., Dayboff, GenBank), and proprietary databases {e.g. LIFESEQ™, 
Incyte Pharmaceuticals, Palo Alto, CA), The search vm performed using the computer program BLAST or 
BLAST-2 (Altschul et al.. Methods in Enzymologv 266:460-480 (1996)) as a comparison of the ECD protein 
sequences to a 6 frame translation of the EST sequences. Those comparisons with a BLAST score of 70 (Of in 
some cases 90) or greater tfiat did not encode known proteias were clustered and assembled into consensus DN A 

35 sequences with the program "phrap'" (Phi! Green, Uaiversity of Washington. Seattle, WA). 

Using tfiis extracelluiar domain homology screen, consensus DNA sequences were assembled relative 
to the other identified EST secjuences asing pMap, in addition, the consensus 0NA sequences obtained were 
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often {but tiot always) extended osing rejjeated cyci^ of BLAST or BLAST-2 and pbxap to extend the consensus 
sequence as far as possiWe tising the sources of EST sequences discussed above. 

Based upon the consensos sequences obtained as described above, oligonucleotides were tlien 
synthesized and used to identify by PCR a cDNA library that contained the sequence of iBterest and for use as 
probes to isolate a clone of the full-length coding sequence for a PRO polypqitide. Forward and reverse PCR 
5 primers generaiiy range from 20 to 30 nucleotides and are often designed to give a PCR product of about iOO- 
iOOO bp m length. The probe seqtiences are tj'pically 40-55 bp b length. In some cases, additionai 
oligonucleotides are synthesized when the consensus sequence is greater than about 1-f ,5kbp. In order to screen 
several libraries for a full-length clone, DNA from the libraries %vas screened by PCR ampiification, as per 
Ausubel et al. , Current Pfotocols in Moiecular Biolog y, wiiii the PCR primer pair. A positive librarj' was then 
10 used to isolate clones encoding the gene of interest using the probe oligonucleotide and one of the primer pairs. 

The cDNA libraries «sed to isolate the cDNA clones were comtmcted by standard methods tising 
commercjally available reagents such as those from Invitrogen, San Diego, CA, The cDNA was primed with 
oligo dT comaming a Not! site, linked with blunt to Sail hemttdnased adaptors, cleaved with Not!, sized 
appropriateiy by ge! electrophoresis, and cloned in a defined orientation into a suitable cloning vector (such as 
15 pRKB or pRKD;pRK5B is a precursor ofpRKSD thai does not contain the Sfil site; see. Holmes etaI. ,Sciei3ce. 
252:12784280 {1991)} in the unique Xhol and NotI sites. 

EXAMP!>lg 2 : Isolation of cDNA cic»nes bv Amylase Screening 
1. Preparadon of oligo dT primed cDNA librat y 

20 mRN A was isolated from a human tissue of interest usitig reagents and protocols from Invitrogen, San 

Diego, CA (Fast Track 2). niis RNA was used to generate an oligo dT primed cDNA library in the vector 
pRKSD using reagents and protocols from Life Technologies, Gaithersburg, MD (Super Script Piasmid System). 
In this procedure, the double stranded cDNA was sized to greater (iiao 1000 bp and the Sall/Notl tinkered cDN A 
was cloned into Xhol/Notl cieaved vector, pRK5D is a ciomng vector diat has an sp6 transcription initiation 

25 site foliowed by an Sftl restriction eiizyme site preceding the Xhol/NotI cDNA cloning sites. 

2- Pre paration of random primed cDNA library 

A secondary cDN A library was generated m order to preferentially represent the 5' ends of the primary 
cDN A clones. Sp6 RNA was generated from the primary library (described above), and this RNA was used 

30 to generate a raadom primed cDNA library in the vector pSST-AMY.O using reagents and protocols from Life 
Technologies (Super Script Piasmid System, referenced above). In this procedtire the double stranded cDNA 
was sized to 500-1000 bp, Hnkered with blunt to Notl adaptors, cleaved with Sfil, and cSoned into Sfil/Notl 
cleaved vector. pSST-AMY ,0 is a cloning vector that has a yeast alcohol dehydrogena,s^e promoter preceding 
the cDNA cloning .sites and the mouse s^iylase sequence (the mature sequence without ti^e secretion signal) 

35 followed by the yeast alcohol dehydrogenase termiiKitor, after the cloning sites. Thus, cDNAs cloned into this 
vector that are !\ised in frame wiili amylase sequence will lead to the secretion of amyljse from appropriately 
transfected yeast colonies. 
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3. Transformation and Detgcti^ 

DNA from the library described in paragraph 2 above was chilled on ice to which was added 
electrocompetent DHIOB bacteria (Life Technologies, 20 ral). The bacteria and vector mixmre was then 
electroporated as recommended by the njanufacturer, Subsequenay, SOC media (Life Teclmologies, 1 ml> was 
added and the mixture was incubated at 37 for 30 raiautes. The transformams were Uien plated oato 20 
5 standard 150 mra LB plates containing ampiciUin and Incubated for 16 hours (ST'C). Positive colonies were 
scraped off the plates and the DNA was isolated from ihe bacterial pellet using standard protocols, e.g. CsCI- 
gradient. The purified DNA was then carried on to the yeast protocols below. 

The yeast metiaods were divided into three categories; (1) Tramformation of yeast with the 
pksmid/cDNA conjbined vector; (2) Detection and isolation of yeast clones secretiiig amylase; and (3) PCR 
10 amplification of the insert directly from the yeast colony and purification of the DNA for setpencing and farther 
analysis. 

The yeast strain used was HD56-5A (ATCC-90785). This strain has the tbllowing genotype: MAT 
alpha, ura3-52, le«2-3, Ieu2-n2, hisS-H, his3-X5, MAL*, SUC*, GAL*. I^eferably, yeast tnutants can be 
employed that have deficient post-trans!ational pathways. Such mutants may have translocation deficient alleles 
15 in seel I, secTZ, ^«:62, with sruneated secTl being most preferred. Alternatively, antagonists (including 
antisense iufdeoiides and/or ligands) which interfere with the norroal operation of these genes, other proteins 
implicated ia this post translation pathway (e.g., SEC61p, SEC72p, SEC62p, SEC63p. TDJlp or SSAlp-4p) 
or the complex formation of these proteins may also be preferably employed in combination witli the amylase- 
expressing yeast. 

20 Transformation was performed based on the protocol outlined by Gietz et a!., NhcI. Acid. te. . 

20: 1425 (1992), Transformed cells were then inoculated from agar into YEPD complex media broth (100 ml) 
and grown overnight at 30''C. The YEPD broth was prepared as described in Kaiser et al,. Methods in Yeast 
Genetics . Cold Spring Harbor Press, Cold Spring Harbor, NY, p. 207 (1994). The overnight culture was then 
diluted to about 2 x 10* cells/ral (approx. OD«3o=0.1) into fresh YEPD broth (500 ml) and regrown to 1 x 10'' 

25 cells/ml (approx. OD^«a.4-0.5). 

The cells were then hsOTCSted and prepared for transformation by transfer into GS3 rotor bottles in a 
Sot val GS'? rotor at 5 ,000 ipm for 5 mimtfes, the supernatant discarded , and then resuspended into sterde water, 
and centriliiged agam m 50 m) talc '\ s ,i! < "^00 rpni in a Beckmari OS 6KR cemriluge The supernatant 
was dist.iTded and the cells weie iu>i<tii \ a i-^ied v.jth UAi/TE tiO mi 10 mM Tns HCL 1 mM EDTA 

30 pH 7 s. 100 mM 1 1 OOCCH,) and !e<.^wpenJcJ wlo Li Ac ' i fc (2 5 mO 

Transtormaiion took place b> mKr'g he-xt-pi va<.t[:j w!} \Mth treshl> denaaired single stranded 
SiJlmoii testes DN'^ (Lofstrand Labs, Gaifhvr-Hi^ Vfl) <'isi rj.- vs^.-'-Mng DNA <1 «g, \o] -c tO m 
mictotuge tubes Ihe mixture was mtxed brictl) ^o! omg thon 40^. PI:G TE (WK) pi 40% pol>ttl(>lene 
Glycol 4O00, 3() niM i ns llCi, I mM EDFA, 100 mM Li>OOCCH„ pH 7 5^ v,a>- added This jmstiirc wa^ 

35 geiiti\ mixed .md tn^ubated at 30' C while agitating lor 10 mmntes The cclh were then heat shucked ar 42 C 
for 15 minutes atid tlK leactiiw \essel cent! ifuged m ? micro, at . 2,< ) rpni tor > 10 st-umds, dccamed and 
resuspended mto TE (5iX) ptl, iO mM Tris-HCI, 1 mM EDTA pH 7 5) followed by recentrifuganon The ceils 
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were siteii diiuied imo TE (1 ml) and aliquofs (200 fd) were spread onto the selective media previously prepared 
in 150 mm growth piates (VWR). 

Alternatively, instead of multiple small reactions, flie transfonaation was performed using a single, large 
scale reaction, wherein reagent amounts were scaled up accordingly. 

The selective media used was a synthetic complete dextrose agar lacking uracil (SCD-Ura) prepared as 
5 described in Kaiser et al. . Methods in Yeagt Genetics . Cold Spring Harbor Press, Cold Spring Harbor, HY, p, 
208-210 (1994), Transformants were gxovm at 30°C for 2-3 days. 

The detection of colonies secreting amylase was performed by including red starcb in the selective 
growtlj media. Starch was coupled to the red dye (Reactive Red-120, Sigma) as per the procedure described by 
Biely et ai., Atiai. Biochem. . 172 : 176-179 (1988), The coupled starch was mcorporated into the SCD-Ura agar 
1 0 plates at a fmal concentration of 0. 15% (w/v), and was buffered with potassium phosphate to a pH of 7,0 (50- 
100 mM final concentration). 

The positive colonies were picked and streaked across fresh selective media (onto 150 mm plates) in 
order to obtain well isolated and identifiable single colonies. Well isolated smgle colonies positive for amylase 
secretion were detected by direct incorporation of red starch into buffered SCD-Ura agar. Positive colonies were 
15 determitifid by their ability to break down starch resulting in a clear halo around the positive colony visualized 
directly. 

When a positive colony was isolated, a portion of it was picked by a tootijpick and diluted into sterile 
20 water (30 ftl) in a 96 well plate. At this time, the positive colonies were either frozen and stored for subsequent 
analysis or immediately ampiified, An aliquot of cells (5 fil) was used as a template for the PGR reaction in a 
25 j!il volume containing; 0.5 ^l Klentaq (Clontech, Palo Alto, CA); 4.0 ^1 10 niM dNTP's (Perkin Eltner- 
Cetus); 2.S id Kentaq buffer (Clotitech); 0,25 nl forward oligo 1 ; 0.25 fil reverse oligo 2; ! 2.5 /xl distilled water. 
The sequence of the forward oligonucleotide I was: 
25 S'-TGTAAAACGACOGCCAGr|-VkAATAOACCTGCAATTATTAATCT-3' (SEQ ID NO;553) 

The sequence of reverse oligonucleotide 2 was: 



30 



PCR was then perforratt 


^d as follows: 






a. 


Denature 


92''C, 


5 minutes 


b. 3 cycles of; 


Denature 




30 seconds 




Anneal 


59*C, 


30 seconds 




Extend 


72"C, 


60 seconds 


c. 3 cycles of: 


Denature 


92"C, 


30 seconds 




Anneal 


57''C, 


30 seconds 




Extend 


72°C, 


60 seconds 


d. 25 cycles of: 


Denature 


92°C, 


30 seconds 




Annea! 


55 "C, 


30 seconds 




Bxtend 


72X. 


60 seojiids 
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Jhs underlinedi regions of (he oligonucleotides anaeaied to the ADH promoter region aiBi &e amylase 
region, respectively, and amplified a 307 bp region from vector pSST-AMY.O when no insert was present. 
Typically, the first 18 nucieottdes of the 3' end of these oiigonudeotides contained annealing sites for the 
5 sequencing primers. Thus, the total product of the PCR reaction front an empty vector was 343 bp. However, 
signal sequence-fused cDNA resjlted in considerably longer nucieotide sequences. 

Following the PCR, an aliquot of the reaction (5 fd) was examined by agarose gel electrophoresis tn 
a I % agarose gel using a Tfia-Borate-EDTA (TBE) buffering system as described by Sambrook et al., sopra . 
Clones resuhing m a single strong PCR product larger than 400 bp were further analyzed by DNA sequencing 
.10 after purification with a 96 Qiaquick PCR clean-up column {Qiagen Inc. , Chatsworth, CA). 



Various polypeptide-encodmg nucleic acid sequences were identified by applying a proprietary sigjial 
sequence finding algorithm developed by Genentech, Inc. (South San Francisco, CA) upon ESTs as well as 

15 clustered and assembled EST fragments from public (e.g., GenBank) aad/or private (UFF^EQ* Incyte 
Pharmaceuticals, Inc., Palo Aho, CA) databases. The sigfial sequence algorithm computes a secretion signal 
score based on the character of the DNA nucleotides surrounding the first and optionaiiy the second mettiiomne 
codon(s) (ATG) at the 5*-end of the sequence or sequence fi"agment under consideration. The nucieottdes 
following the first ATG must code for at least 35 unambiguous amino acids without any stop codons. If the first 

20 ATG has the required ammo acids, the second is not examined. If neifiier meets the requirement, the candidate 
sequence is tiot scored. In order to determine whether the EST sequence contains an authentic signal sequence, 
!he DNA and corresponding amino acid sequences surrounding the ATG codon are scored using a set of seven 
sensors (evaluation parameters) loiown to be associated with secretion signals. Use of this algorithm resulted 
in the identification of numerous polypeptide-encoding nucleic acid sequences. 



EXAMPIJB 4: Isolation of oDNA clones Encoding Human PRO Polypeptides 

Using the techniques described in Examples 1 to 3 above, numerous full-length cDNA clones were 
identified as encoding PRO polypeptides as disclosed herein. These cDNAs were then deposited under the terms 
of the Budapest Treaty with the American Type Culnire Collection, 10801 University Blvd., Manassas, VA 
30 201 10-2209, USA (ATCC) as shown in Table 7 below. 



EXAMPLE 3 : 




25 



Table 7 



Material 



ATCC Dep. No, 



Deposit Date.. 
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DNA 16438-1387 
DNA 19360-2552 
DNA334554548 

DNA37155~265l 
DNA38269-2654 
DN.A406194220 



209771 
203654 
FrA-127 

PTA-429 
PTA-432 
209525 



Aprii 14, 1998 
February 9, 1999 



May 25, 1999 
My 27, 1999 
July 27, 1999 



December 10, 1997 
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